The objective of this study was to evaluate the response of alfalfa (Medicago sativa L.) in the nutritional composition to the application of biofertilizers. The experiment was conducted with increasing doses of biofertilizers in a greenhouse at the Faculty of Veterinary Medicine / UNESP, Araçatuba -Sao Paulo, Brazil, from April to October 2010. The experimental design was completely randomized with six biofertilizer doses from cattle manure (0, 25, 50, 100, 200, and 400 m 3 ha -1 ) and five replications. Cuts were performed, on average, every 27 days, 10 cm above the ground when 10% of the plants were flowering. Biofertilization had a positive significant impact on foliar nitrogen, potassium, calcium, magnesium, sulfur, and shoot iron concentrations. The values of crude protein, acid detergent fiber, and neutral detergent fiber did not differ between doses of biofertilizers. Biofertilization is a viable alternative for nutrition of this species, showing positive results in the nutritional composition of alfalfa. However, but long-term studies are necessary to assess the environmental impact of these fertilizers.
Introduction
Brazil is a major producer of dairy and meat, especially at low production costs since most properties are currently under pastures, which contributes to making the country internationally competitive (SILVA JÚNIOR et al., 2008) .
Some producers use supplement concentrated in animal feed for maximizing production, however, this increases the production costs. For this reason, legumes are being used as forage as a more economical alternative to animal supplementation. Alfalfa (Medicago sativa L.) has been used for its nutritional quality, high productivity, ability to fix atmospheric nitrogen (N 2 ), and high palatability (MOREIRA et al., 2007; RODRIGUES et al., 2008) ; it is also popular due to. Its low seasonality in forage production.
A concentrated production of animal products is associated with the accumulation of waste, called organic fertilizers or biofertilizers, which can become a serious problem if not properly managed. To solve this problem efficiently, producers use animal waste as an input into agricultural production. The main organic fertilizers available for use in agriculture are poultry litter, pig manure, and manure of animals in general, vinasse, and green manure (SILVA et al., 2006) . This practice reduces pollution and production costs and is regarded as a sustainable management practice (RTS, 2009) .
Bovine biofertilizers originating from anaerobic digesters have the characteristic of containing nitrogen in large quantities. Soares Filho et al. (2015) applied bovine biofertilizer in Cynodon dactylon cv. Tierra Verde and found that it positively influenced the soil chemical properties and foliar growth.
However, Brazil still does not have a national waste policy (ABREU JUNIOR et al., 2005) , and there is no consensus in plant nutrition (FONTES et al., 1992) , especially regarding the impact of nitrogen on the production and composition of alfalfa. Thus, the aim of this study was to evaluate the nutritional characteristics of the aerial parts of alfalfa with increasing doses of bovine biofertilizers.
Material and Methods
The experiment was conducted at an altitude of 415 m from April to October 2010 in a greenhouse with a transparent plastic cover, in the Service Department of Animal Production and Health, Faculty of Veterinary Medicine of Araçatuba, Sao Paulo State University (UNESP), Brazil.
Soil was collected in a pasture area at a depth of 0-20 cm and classified as Ultisol. Prior to analysis, the samples were mixed and sieved through a 4 mm mesh. A soil sample was used for analysis, showing the following chemical composition: P = 3 mg dm , cation exchange capacity = 54.6 mmol c dm -3 , and base saturation = 37.7%.
Base saturation was increased to 80% (RAIJ et al., 1997) by the application of CaCO 3 and MgCO 3 in a ratio of 3:1. The soil samples were then incubated for 30 days in a pot under natural conditions, maintaining a humidity of 80% of field capacity.
After incubation, the soil was dried under natural conditions for seven days. The soil from the pots was placed individually in plastic trays and the following nutrients were added: Ca(H 2 PO 4 ) 2 The severed shoots were wrapped in paper bags and dried at 65° C until constant weight, according to the methodology described in Silva and Queiroz (2002) . The concentration of N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, and Zn in the aerial part of the plant was analyzed in the first, second, and fifth cut. Determination of these elements followed the method described by Malavolta et al. (1997) . Concentrations of neutral detergent fiber and fiber shoot acid detergent were analyzed in all cuts and determined according to the methodology described by Campos et al. (2004) . Protein content was determined using Micro-Kjeldahl and multiplying the percentage of nitrogen by 6.25 (AOAC, 1990) .
Absorbed nutrient values in the shoots were tested for normality of errors and homogeneity of variances. Statistical analyses were performed using SAS (Statistical Analysis System, version 9.1). We used ANOVA and Duncan´s test for multiple comparisons of averages at a significance level of 5% significance level. Regression analyses were performed according to the biofertilizers doses (PIMENTEL-GOMES; GARCIA, 2002).
Results and Discussion
According to the ANOVA results, the nutrients N, K, Ca, Mg, and Fe absorbed by alfalfa shoots showed significant differences (P <0.05) between doses of biofertilizers and linearly responded to a dose of 400 m 3 ha -1 (Figures 1, 2, and 3). We found a lower N content in the control treatment (24.46 g kg -1 ), and higher N values 400 m 3 ha -1 (29.77 g kg -1
), representing a 22% higher concentration. This finding is probably a result of the amount of nitrogen provided using biofertilizer (120 kg ha -1 ) and might also be due to small, but insignificant increases in MO concentrations. These values are closer to those obtained by Moreira et al. (2002) who evaluated the effect of different doses and sources of P in alfalfa; however, the authors did not find significant differences between P sources.
We observed lower N values than Oliveira et al. (2004) who evaluated N in alfalfa cultivars in green house experiments and found higher N concentrations in plants treated with the highest dose (16 mmol N L -1 ); however, they did not detect differences between cultivars. Another factor that could have caused such low N concentrations in our experiment soil pH index which was slightly lower at the end of the experiment than the value of 6.8 recommended by Honda and Honda (1990) ; low pH values can damage N 2 fixation efficiency in Sinorhizobium meliloti. and found the cumulative increase of absorbed N was 26% higher compared to a treatment with nonfertilized perennial ryegrass.
The amount of absorbed N increases linearly with the application of biofertilizers but is proportional to biomass increases in the aerial part of alfalfa (LEMES et al., 2013) , showing that absorbed N was diluted in the dry shoot mass without significant increases in concentrations, featuring the dilution effect (JARREL; BEVERLY, 1981) . Similar results were found by Araujo et al. (2011) A biofertilizer dose of 400 m 3 ha -1 resulted in highest K absorptions (Figure 1) , and the concentration was within the range established by Moreira et al. (1997) and Raij et al. (1997) . One of the reasons for using an increased amount of K with a further application of biofertilizer is the low nutrient availability in the soil; according to Raij et al. (1997) , soil K values at the end of the experiment were relatively low due to a high K uptake by alfalfa. Low K values could also be an effect of competitive inhibition of K, Ca, and Mg, verified by Moreira et al. (1999) in an experiment with various Ca: Mg ratios and different K levels in alfalfa. Araújo et al. (2011) found slight increases in K concentrations through manure application in four species. Since K is an element retained in plant tissues, even in those already digested, manure treatment has a considerable influence on the final concentration and availability of K. Yolcu (2015) also found an increased K concentration when up to 20 Mg ha -1 cattle manure were applied to the consortium grazing vetch with barley.
The largest amount of absorbed Ca per pot was achieved with a treatment of 400 m 3 ha -1 , which represented a 49% absorption greater than the control (Figure 1) . In all treatments, the concentration of this nutrient was within the range found by Moreira et al. (1997) and Raij et al. (1997) . This increase is consistent with the concentration of Ca in the soil which increased with increasing doses of biofertilizer. Similar results were also obtained by Carneiro et al. (2009) Leaf Mg concentration was higher at a biofertilizer dose of 400 m 3 ha -1 (Figure 2) . Retention was 37.51% higher than at a dose of 25 m 3 ha -1 which had the lowest absorption. These data reflect Mg concentrations in the soil after the last cut. The values resulting from the treatments 200 and 400 m 3 ha -1 (3.07 and 3.09 g kg -1 , respectively) were higher than those found by Lloveras et al. (2004) who applied swine manure and mineral fertilizer for two years; however, they found no significant differences between treatments. Salmeron et al. (2010) , also in an experiment using pig manure, found significant differences between treatments in the second year of the experiment, but the concentrations were lower (2.2 to 2.4 g kg -1 ). However, Yolcu (2015) reported lower leaf Mg concentration values (1.78, 2.65, and 2.08 g kg -1 ) at doses of 0, 10, and 20 Mg ha -1 cattle manure applied to grassland vetch intercropped with barley.
The highest absorption rate of S was found in the treatment 400 m 3 ha -1 (Figure 2) , which was 30.53% greater than in the control treatment. This concentration was similar to the levels described by Raij et al. (1997) and Yolcu (2015) and higher than levels observed by Moreira et al. (1997) who reported significant differences in S concentration in dry mass on the basis of gypsum rates. However, Lloveras et al. (2004) found no significant difference in S absorption when applying different doses of pig manure.
Nitrogen and sulfur are important elements in plant nutrition because they are constituents of amino acids such as cysteine, cystine, and methionine and participate in metabolic processes of photosynthesis; an adequate nitrogen to sulfur ratio (N: S) indicates a good nutritional status of the plant Malavolta et al. (1997) . As the concentrations of N and S responded similarly, we found an N: S ratio of about 11: 1 in the control treatment, 13.7: 1 for a dose of 400 m 3 ha -1 and 14: 1 for a dose of 50 m 3 ha -1 ; these values are close to those indicated as suitable for grasses (MOREIRA et al., 2007) . Reijneveld et al. (2014) studied the relationship between soil fertility, forage quality and the composition of manure applied in dairy farms pastures and found a positive linear correlation between the nutrients S, P, K, and Mg in the soil and grass shoot.
The amount of P leaf per pot had no difference according to the F test; the average number was 19.27 mg pot -1 (Table 1 ). The P content in dry mass was above the critical value of 2.4 g kg -1 established by Andrew and Robins (1969) . A similar increase in P concentration was observed by Lloveras et al. (2004) with applications of 25 and 50 m 3 ha -1 per year of pig manure to alfalfa. However, Salmeron et al. (2010) found no differences in P concentrations when they applied different doses of swine manure in the Ebro Valley, Spain; similar observations were made by Yolcu (2015) with an application of cattle manure. On the other hand, Araujo et al. (2011) found small differences in P concentrations with the application of cattle manure (20 Mg ha -1 ), however, the accumulation of P in shoots was significant, indicating the potential P supply by cattle manure. Means followed by different capital letters differ significantly by Duncan´s test at 5% probability. BD = Biofertilizer doses. CV= Coefficient of variation.
We found no significant differences in boron amounts (Table 1 ). The concentration did not reach the levels achieved by Moreira et al. (2000) , but was close to the maximum values described by Raij et al. (1997) . Lloveras et al. (2004) conducted a similar study in Spain and did not observe statistically significant differences between treatments; however, they found values lower than in our study. Yolcu (2015) found a linear response of B to the highest dose of cattle manure applied to the consortium grazing vetch with barley. , and 400 m 3 ha -1 recovered 39.27% less Fe compared to the control (Figure 3) . However, all concentrations were in agreement with the literature (MOREIRA et al., 2002; RAIJ et al., 1997) . Moreira et al. (2002) also found differences in the concentrations of this mineral according to the dose and source of the applied P.
The levels of the micronutrients Cu, Mn, and Zn showed no significant differences between treatments according to the F test (Table 1) . Cu and Zn concentrations were below those found in the literature (MOREIRA et al., 2000; RAIJ et al., 1997) , but Mn concentration was within the range defined by Raij et al. (1997) .
Divergent results were found by Salmerón et al. (2010) , who observed a significant increase in Cu concentrations in the first year of the trial and in Zn values in the second year with increasing pig manure applications to alfalfa. Lloveras et al. (2004) also found different results in the concentration of Cu with various pig manure application levels.
With regard to cuts, all the nutrients evaluated in this experiment showed significant differences, however, the cuts cannot be considered as a treatment, but rather as a condition of the experiment. The greater absorptions of Mn, P, N, and Mg (Table  1 ) occurred in the fifth cut. The amount of K was decreasing with the cuts because this nutrient was available only at low levels in the soil at the end of the experiment, not meeting the needs of the plant.
Smaller amounts of the elements Cu, Ca, S, and Fe (Table 1) per pot were found in the second cut. Moreira et al. (2000) also found a higher level of B of the first cut of alfalfa and higher levels of Cu and Mn in the fifth section in an experiment to test the Ca: Mg ratio. However, unlike in our study, (Table 1 ) they found higher amounts of Zn in the sixth cutting. Xavier et al. (2005) tested the efficiency of inoculants and found a higher concentration of N in the first cut, in contrast to our observations. Moreira et al. (2002) worked with different doses of P and found the highest concentration in the third, fourth, and fifth cutting of alfalfa. The contents of Cu, Fe, Mn, and Zn in our study were similar to those found by Moreira et al. (2000) .
The concentration of crude protein did not reach statistical difference (P> 0.05) between the biofertilizer doses according to the F test, with an average of 17.37% (Table 2) . These values are close to those found by Pompeu et al. (2003) who evaluated the alfalfa cultivate Crioula, in an experiment with the application of nitrogen fertilizer. However, Benke et al. (2013) reported increases in the concentration of crude protein in feed barley with application rates of 0, 60, 120, and 180 Mg ha -1 of cattle manure.
Thus, the concentration of crude protein in our study was close to that recommended by the EMBRAPA (2002) to supply concentrate for dairy cows. Lloveras et al. (2000) also found no significant difference in the concentration of crude protein in an alfalfa experiment with an N application of 30 kg ha -1 yr of nitrogen; however, the protein concentration was higher (20.04 to 23.58%). Oliveira et al. (2004) found significantly higher N concentrations in an experiment using nitrogen rate eight times higher than the control in the greenhouse; however, they found no significant difference in a field experiment with applications of 450 kg nitrogen ha -1 yr -1 . Means followed by different capital letters differ significantly by Duncan´s test at 5% probability. BD = Biofertilizer doses. CV= Coefficient of variation.
The protein content was significantly higher for the fifth cut (Table 2 ). This concentration increase may be due to better root formation and an improved ability to absorb nutrients or due to the climatic variation how light and temperature. Kawas et al. (1990) , the protein content changes according to alfalfa maturity stage.
We found statistically significant differences among neutral detergent fiber contents the F test between biofertilizer doses studied, with an average of 37.93% (Table 2) . Fontes et al. (1992) provided the same amount of nitrogen as provided by the biofertilizer using urea; they also found no significant difference between treatments and fiber values of neutral detergent. Similarly, Pompeu et al. (2003) used nitrogen fertilizer and found no significant difference between treatments. However, the fiber content in the neutral detergent was higher, probably because of the more advanced age of the plants, as the first cut was made 107 days after sowing.
Similarly, the fiber content in the acid detergent was not significantly different between biofertilizer doses according to the F test, with an average content of 24.27% (Table 2) . Similar values were found by Cherney et al. (1994) , in an experiment testing ammonium nitrate doses in alfalfa collected 71 days after sowing; they also found no significant difference between treatments.
The fiber content in neutral and acid detergent was significantly different between cuts (Table 2) . These values may have varied probably by a small difference in the plant maturity stage, because the cuts were made after a visual assessment of maturation, which might entail slight errors. According to Kawas et al. (1990) , acid detergent fiber and neutral detergent fiber vary with the growth stage of the plant. The fiber values of neutral detergent were within the range established by Kawas et al. (1990) , as pre-bloom and early bloom. The fiber content of acid detergent was similar to values defined as preflowering by Kawas et al. (1990) . Yoottasanong et al. (2015) worked with cattle manure doses (0, 8, 16 and 24 Mg ha -1 ) in Panicum maximum cv. TD58 and Stylosanthes hamata cv. Verano and found a positive effect on NDF up to a dose of 8 Mg ha -1 ; however, FDA content had no significant effect.
Conclusion
The nutrients N, K, Ca, Mg, S, and Fe in alfalfa shoots responded linearly to biofertilizer doses of up to 400 m 3 ha -1
. The nutritional value was not influenced by the application of biofertilizers. Cattle manure is a viable alternative for alfalfa nutrition, but long-term studies are needed to the associated environmental impact.
